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on-insulator (SOI) substrate is provided. This SOI substrate
comprises a buried oxide layer and an ETSOI layer between
the buried oxide layer and a surface of the SOI substrate. A
dummy gate is formed on the ETSOI. At least two raised
source/drain regions are epitaxially formed adjacent to the
dummy gate, and a protective cap is formed thereon. An etch
process employing at least one acid is used to remove the
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and the protective cap is removed from the raised source/drain
regions.

14 Claims, 8 Drawing Sheets

LRI
SRS
Sesssstatetel
e

v
XK
3
0.0

160

%

160
Ny

3%
R o5sds
S o%ede!
505

110




US 9,099,493 B2

Page 2
(5]) Int. CI. 2012/0326232 Al* 12/2012 Chengetal. ................. 257/347
HoIL 29786 (2006.01) 20130020717 A1+ 15013 Timetal, " 3
mnetal. ..
HOIL 21/28 (2006'01) 2013/0032876 Al* 2/2013 Chengetal. ... 257/327
HOIL 21/74 (2006.01) 2013/0065371 AL*  3/2013 Weietal. ..o, 438/294
HOIL 29/06 (2006.01) 2013/0082308 Al* 4/2013 Chengetal. .. ... 257/288
2013/0082311 Al* 4/2013 Cheng et al. ... 257/288
(56) References Cited 2013/0087857 Al* 42013 Koetal. ... .. 257/368
2013/0119444 Al* 5/2013 Chengetal. .. ... 257/288
U.S. PATENT DOCUMENTS 2013/0146953 Al* 6/2013 Chengetal. .. ... 257/296
2013/0161745 Al* 6/2013 Andoetal. ... ... 257/347
x® . . 2013/0161763 Al* 6/2013 Andoetal. ... ... 257/408
g’géj’g% g} 1%88‘5‘ gf;;‘l’(ﬁﬁfl Zt :11: """"" 438/287 2013/0175625 Al* 7/2013 Chengetal. .. . 257/347
7,060’546 B2* 62006 Hsuetal. ... 438/197 2013/0187205 Al* 7/2013 Adametal. .. ... 257/288
7’271’455 B2 9/2007 Cabral. Jr. et al. 2013/0292767 Al* 11/2013 Yang et al. ... 257/347
7’531’437 B2 5/2009 Brask ét al. 2013/0344669 Al* 12/2013 Feng et al. ... 438/286
7’569’443 B2 8/2009 Kavalicros et al. 2014/0001574 Al1* 1/2014 Chenet al. R 257/410
7,648’868 B2* 1/2010 Majumdar et al. ........... 438/198 2014/0021538 Al* 1/2014 B?.ngsa.runtlp etal. ... 257/331
7’867’863 B2 /2011 Chang 2014/0027783 Al* 1/2014 Yinetal. .......cccooveenrnn. 257177
8,022’488 B2 9/2011 Cheng et al. 2014/0042521 Al* 2/2014 Chengetal. .. ... 257/327
8,030’708 B2* 10/2011 Tateshita ..o, 257/369 2014/0042542 Al* 2/2014 Chengetal. .. ... 257/347
8:039:966 B2 10/2011 Yangetal. 2014/0042543 Al* 2/2014 Chengetal. .. ... 257/347
8,338,260 B2* 12/2012 Cheng et al. woococcoorvn. 438/300 2014/0051216 Al* 2/2014 Chengetal. .. ... 438/151
8,435’846 B2* 52013 Chengetal. .  A38/197 2014/0124845 Al* 5/2014 Chengetal. ..... ... 257/310
8,486’778 B2* 7/2013 Haranet al. . L A38/230 2014/0131735 Al* 5/2014 Hoentschel etal. ............ 257177
8,492’854 Bl* 7/2013 Chengetal. . 257412 2014/0141575 Al* 5/2014 Chengetal. ................. 438/155
8,518’758 B2* 82013 Yangetal. ...  A38/151 2014/0145254 Al* 5/2014 Chengetal. ................. 257/310
8,673’708 B2* 3/2014 Chengetal. .o 438/1%3 2014/0167164 Al* 6/2014 A_dam et al. ... 257/347
8,835’936 B2* 0/2014 Hoentschel etal. ... 257177 2014/0264482 Al* 9/2014 Lietal. ... ... 257/288
8,877’604 B2* 11/2014 Adam etal. .. 438/424 2014/0327054 Al* 11/2014 Adam et al. ... 257/288
8,921’177 B2* 12/2014 Yehetal. ... 38218 2015/0021715 Al* 12015 Changetal. .. ... 257/412
9:035:365 B2* 52015 Adam efal. . . 257/288 2015/0069466 Al* 3/2015 Changetal. ................. 257/192
2005/0112811 Al* 5/2005 Hsuetal. ... ... 438/197
2006/0157797 Al* 7/2006 Tateshita ...... .. 257/369 OTHER PUBLICATIONS
N !
%88?;8?58@3 ﬁ} 1%@88? E;IY zltlzrl(')s otal 438/183 CMOS Transistor Scaling Past 32nm and Implications on Variation;
2008/0258216 Al* 10/2008 Kikuchi oo, 257/344 Kelin J. Kuhn; Intel Corporation, Portland Technology Development;
2009/0039426 Al* 2/2009 Cartieretal. ................. 257/344 RA3-353, 2501 NW 229th Ave., Hillsboro, OR 97124 (kelin.ptd.
2011/0037125 Al 2/2011 Cheng et al. kuhn@intel.com); @2010 IEEE (6 pages).
%81 };822%2? ﬁ} : ggg} i %heng ft lal """"""""" %g;gi; Selective Chemical Vapor Deposition-Grown Ru for Cu Interconnect
20110233688 Al* 92011 Renetal. .. " 357408 Capping Applications; C.-C. Yang, F. R. McFeely, P-C. Wang, K.
2011/0316083 Al* 122011 Cheng ct al. . 357365 Chanda, and D. C. Edelsteina; Electrochemical and Solid-State Let-
2012/0094448 Al* 4/2012 Yehetal. ... L 38/731 ters, 13 (5) D33-D35 (2010) 1099-0062/2010/13~5!/D33/3/ © The
2012/0108026 Al* 5/2012 Nichetal. .. ... 438300  Electrochemical Society (3 pages).
2012/0313168 Al* 12/2012 Chengetal. .................. 257/347
2012/0319203 Al* 12/2012 Chengetal. .................. 257/346 * cited by examiner



U.S. Patent Aug. 4, 2015 Sheet 1 of 8 US 9,099,493 B2

g,v‘v
5055
S35

200
160 -

>
LD

{2
ey

200
to398 [t 160

D
355
2505

0050
o
(505

PE

= 110

210

[l
L]

N
N
[
]
[Fh]
fam ]

160

160N/A

—
=
(o=

%
[
o

110

—
—
1

FIG. 2



U.S. Patent Aug. 4, 2015 Sheet 2 of 8 US 9,099,493 B2

185 185
\ 210

240
30
160X _— 160
2 130
= 110
/// 115
220~
FIG. 3
210 /
:::::0. XA . 20 ?E-‘
200 §§§§§§:ﬁ¢:¢:¢:¢:§§§§:§ -
2020%0% PeSedate!
Ny 230 _
1 60~\ ;‘:0000000. I >
Z ] | 13
\bm 110
/ 115
/



US 9,099,493 B2

Sheet 3 of 8

Aug. 4, 2015

U.S. Patent

220/

FIG. §

200
160

0

200

Lo

~

FIG. 6



US 9,099,493 B2

Sheet 4 of 8

Aug. 4, 2015

U.S. Patent

200

olelalelelels

FIG. 7

Sereea ey
]

200

190\\//

iy

250 N e SRR T

200
160

200

160

0

5T N 250

/-185

o

-

2|4
o

e
§ 7
11

FIG. 8




U.S. Patent Aug. 4, 2015 Sheet 5 of 8 US 9,099,493 B2

185 185
320 \\ 200 320
1 (| 310 8 310
330‘\ﬂ 14 _N oo 330
200
3003 180 e
3 160
100< 130 3
120 110
k 115
200/ \-160
FIG. 9
320 350 320
{
|
1 & 310 S 10
N > sl o o330
200
3002 /S
160
1004 A 130 1
\$\\ . 120 110
{ﬁjgj;// 115

FIG. 10



U.S. Patent Aug. 4, 2015

Sheet 6 of 8

US 9,099,493 B2

330~

—330

200
f’
160
100< 9
110
k 115
200/ \160
FIG. 11
500
190 200
510 /’/,185
200 ! 200
300 s 180 v
160 160
130
120 110
115




U.S. Patent Aug. 4, 2015 Sheet 7 of 8 US 9,099,493 B2

330 — /T Rkl n Xl
200

160

™330
200

160

120 110

330 — | i Al i P L BTSN 33

200 200
f

160

. 110




U.S. Patent Aug. 4, 2015 Sheet 8 of 8 US 9,099,493 B2

120 110




US 9,099,493 B2

1
SEMICONDUCTOR DEVICE WITH RAISED
SOURCE/DRAIN AND REPLACEMENT
METAL GATE

CROSS REFERENCE

This application is a divisional of U.S. patent application
Ser. No. 13/690,867, filed on Nov. 30, 2012, the contents of
which are incorporated herein by reference in their entirety.

BACKGROUND

The exemplary embodiments of this invention relate gen-
erally to semiconductor devices and, more specifically, to
semiconductor devices having raised sources/drains and
replacement metal gates formed by selective metal deposi-
tion.

A semiconductor device such as a field effect transistor
(FET) can be fabricated on a bulk semiconductor substrate or
on a silicon-on-insulator (SOI) substrate. The FET (or other
device) may have source and drain regions that protrude
above the surface of the substrate to define raised sources and
drains. A gate overlies a channel extending between the raised
sources and drains and controls the flow of current between
the source and drain regions.

In forming a gate for a semiconductor device having raised
sources and drains, a dummy gate is formed on the substrate,
and the raised sources and drains are formed around the
dummy gate. The dummy gate is then removed and replaced
by an electrically conductive metal-containing gate (a
replacement metal gate (RMG)). An interlayer dielectric
(ILD) may be used to cover the raised sources and drains
while removing the dummy gate structure. The ILD is then
subjected to a chemical-mechanical polish (CMP).

During the CMP of the ILD, the raised sources and drains
may be exposed. Once the raised sources and drains are
exposed, materials used to remove the dummy gate (e.g., acid
etchants) may undesirably affect the material of the raised
sources and drains.

BRIEF SUMMARY

In one exemplary aspect, a method is directed to the fabri-
cation of a semiconductor device. In this method, a substrate
is provided, the substrate having an extremely thin silicon-
on-insulator (ETSOI) layer at the surface. A dummy gate is
formed on the ETSOI, and at least two raised source/drain
regions are formed adjacent to the dummy gate with a pro-
tective cap being formed on each of the raised source/drain
regions. The dummy gate is then removed from the ETSOI,
and a gate dielectric layer is deposited on the protective cap
and the ETSOI. A replacement metal gate is formed on the
gate dielectric layer to replace the removed dummy gate. The
gate dielectric layer is removed from the protective metal cap,
and the protective cap is removed from the raised source/drain
regions.

In another exemplary aspect, another method is directed to
the fabrication of a semiconductor device. In this method, a
silicon-on-insulator (SOI) substrate comprising a buried
oxide layer and an ETSOI layer between the buried oxide
layer and a surface of the SOI substrate is provided. A dummy
gate, is formed on the ETSOI. Atleast two raised source/drain
regions are epitaxially formed adjacent to the dummy gate,
and a protective cap is formed on the source/drain regions. An
etch process employing at least one acid is used to remove the
dummy gate from the ETSOI. A gate dielectric layer is depos-
ited on the protective cap and the ETSOI after removing the
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dummy gate. A replacement metal gate is then formed on the
gate dielectric layer to replace the removed dummy gate, the
gate dielectric layer is removed from the protective metal cap,
and the protective cap is removed from the raised source/drain
regions.

In another exemplary aspect, another method is directed to
the fabrication of a semiconductor device. In this method, an
SOI substrate comprising a buried oxide layer and an ETSOI
layer between the buried oxide layer and a surface of the
substrate is provided. A dummy gate and at least two raised
source/drain regions are formed on the substrate. A protective
cap is formed on each source/drain region. At least one acid is
used to remove the dummy gate, a gate dielectric layer is
deposited on the protective cap and the ETSOI, and a replace-
ment metal gate is formed on the gate dielectric layer. The
gate dielectric layer is removed from the protective metal cap,
and the protective cap is removed from the raised source/drain
regions. A passivation layer is formed on the replacement
metal gate, and a silicide contact is formed on each of the
raised source/drain regions. A dielectric layer is then depos-
ited on the passivation layer and on the silicide contacts. First
vias are formed through the dielectric layer to the silicide
contacts, and a second via is formed through the dielectric
layer and the passivation layer to the replacement metal gate.

In yet another exemplary aspect, a similar method is
directed to the fabrication of a semiconductor device. This
method is similar to that as defined above. However, after
forming a passivation layer on the replacement metal gate and
depositing a dielectric layer on the passivation layer and on
the raised source/drain regions, first vias are formed through
the dielectric layer to the raised source/drain regions. A sili-
cide contact is then formed on each of the raised source/drain
regions through the first vias, and a second via is formed
through the dielectric layer and the passivation layer to the
replacement metal gate.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing and other aspects of exemplary embodi-
ments are made more evident in the following Detailed
Description, when read in conjunction with the attached
Drawing Figures, wherein:

FIG. 1 is a side cross-sectional view of one exemplary
embodiment of an apparatus capable of serving as a base
structure for use in fabricating a semiconductor device;

FIG. 2 isaside cross-sectional view in the fabrication of the
apparatus of FIG. 1 wherein a dummy gate is formed on a
substrate;

FIG. 3 isaside cross-sectional view in the fabrication of the
apparatus of FIG. 2 wherein raised sources and drains are
formed on the substrate;

FIG. 4isaside cross-sectional view in the fabrication of the
apparatus of FIG. 3 wherein an interlayer dielectric is depos-
ited adjacent the raised sources and drains;

FIG. 5isaside cross-sectional view in the fabrication of the
apparatus of FIG. 4 wherein a protective cap is formed on the
raised sources and drains;

FIG. 6 isaside cross-sectional view in the fabrication of the
apparatus of FIG. 5 wherein the dummy gate is removed;

FIG. 7is aside cross-sectional view in the fabrication of the
apparatus of FIG. 6 wherein a gate dielectric layer is depos-
ited in a void formed by the removal of the dummy gate and
a gate metal is formed on a portion of the gate dielectric layer;

FIG. 8isaside cross-sectional view in the fabrication of the
apparatus of FIG. 7 wherein a portion of the gate dielectric
layer is removed;
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FIG. 9 is a side cross-sectional view of the apparatus as
formed in FIG. 8 on which a second interlayer dielectric is
deposited and in which silicide contacts are formed in vias
after deposition of the second interlayer dielectric;

FIG. 10 is a side cross-sectional view of the second inter-
layer dielectric of FIG. 9 in which a via is formed to the gate
metal,;

FIG. 11 is a side cross-sectional view of the vias of FIGS.
9 and 10 filled with a conductive metal;

FIG. 12 is a side cross-sectional view of another exemplary
embodiment of an apparatus capable of serving as a base
structure for use in fabricating a semiconductor device;

FIG. 13 is a side cross-sectional view of the apparatus of
FIG. 12 in which silicide contacts are formed before deposi-
tion of a second interlayer dielectric;

FIG. 14 is a side cross-sectional view of the apparatus of
FIG. 13 in which the second interlayer dielectric is deposited
on the silicide contacts and gate and forms vias to the silicide
contacts and the gate; and

FIG. 15 is a side cross-sectional view of the vias of FIG. 13
filled with a conductive metal.

DETAILED DESCRIPTION

In exemplary embodiments of the present invention, a
semiconductor device (such as a field effect transistor (FET))
having raised source/drain regions is fabricated on a bulk
semiconductor substrate or on a silicon-on-insulator (SOI)
layer. A dummy gate structure is employed during the fabri-
cation of the semiconductor device to allow for the epitaxial
growth of the raised source/drain regions. In a process of
replacing the dummy gate structure with a replacement metal
gate (RMG), a metal is selectively deposited on conductive
materials of the semiconductor device to form a protective
metal cap on the raised source/drain regions before the
removal of the dummy gate structure. The metal cap protects
the raised source/drain regions during the dummy gate struc-
ture removal process and may be removed in a final high
k/metal gate polish process.

As shown in FIG. 1, one exemplary embodiment of an
apparatus capable of serving as a base structure for use in
fabricating the semiconductor device is designated generally
by the reference number 100 and is hereinafter referred to as
“apparatus 100" Apparatus 100 comprises a substrate 110
having an SOI layer 115. An insulating layer 120 is formed in
the substrate 110 such that an extremely thin SOI layer (ET-
SOl layer 130) is defined over the insulating layer 120 and on
an upper surface of the substrate 110.

A gate region 165 is defined on the ETSOI layer 130. The
gate region 165 comprises an RMG 300, a gate dielectric
layer 190 comprising high k dielectric material on the RMG
300, and insulating spacers 185 on the gate dielectric layer
190. A portion of the gate dielectric layer 190 is deposited on
a bottom surface of the RMG 300 to insulate the metal of the
RMG 300 from the ETSOI layer 130. Another portion of the
gate dielectric layer 190 is deposited on sidewalls of the RMG
300. The insulating spacers 185 are positioned on the gate
dielectric layer 190.

A source region 140 and a drain region 150 are defined in
the ETSOI 130 on opposing sides of the gate region 165. A
raised source region and a raised drain region are respectively
formed on the source region 140 and the drain region 150 to
define the raised sources and drains, which are hereinafter
collectively referred to as raised source/drain regions 180.
Isolation areas (e.g., shallow trench isolation (STI) areas) 160
are formed adjacent to each of the source region 140 and drain
region 150.
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An interlayer dielectric 200 (ILD 200) is deposited adja-
cent to the raised source/drain regions 180 and over the iso-
lation areas 160 as well as adjacent to the raised source/drain
regions 180 and over the spacers 185.

Referring now to FIGS. 2-8, one exemplary embodiment of
a process of fabricating the apparatus of FIG. 1 for use in an
integrated circuit (IC) chip is shown. In FIG. 2, the substrate
110 is provided. The substrate 110 includes the SOl layer 115,
which may be any semiconducting material including, but not
limited to, silicon carbide (SiC), silicon alloys, germanium,
germanium alloys, alloys of silicon and germanium (Si,Ge,),
gallium arsenide (GaAs), indium arsenide (InAs), indium
phosphide (InP), and the like.

The insulating layer 120 is formed in the substrate 110
using an ion beam implantation process to implant oxygen
ions into the material of the SOI layer 115. Once the oxygen
ions are implanted, the substrate 110 is annealed. When the
substrate 110 comprises silicon, the implantation of oxygen
ions and subsequent annealing forms the buried insulating
layer 120 of silicon dioxide (SiO,) in the substrate 110.
Implantation of ions in the SOI layer 115 of the substrate 110
to form the buried insulating layer 120 defines the ETSOI
layer 130 over the insulating layer 120.

The isolation areas 160 are formed in the ETSOI layer 130
to contact or extend the underlying insulating layer 120. The
isolation areas 160 may be formed by etching trenches in the
ETSOI layer 130, depositing a dielectric material (e.g., SiO,)
to fill the trenches, and planarizing using a chemical-me-
chanical polish (CMP).

To form the gate region 165 for the RMG 300, a dummy
gate 210 is formed on the ETSOI layer 130. In forming the
dummy gate 210, a dummy SiO, layer 220 is deposited on the
ETSOI layer 130, a dummy polysilicon layer 230 is formed
on the dummy SiO, layer 220, and a nitride cap 240 is formed
onthe dummy SiO, layer 220. Layers 220,230 and the nitride
cap 240 collectively define a stack. The dummy SiO, layer
220 is formed on the ETSOI layer 130 by either atmospheric
pressure chemical vapor deposition (APCVD) or low pres-
sure chemical vapor deposition (LPCVD). The dummy poly-
silicon layer 230 is formed on the dummy SiO, layer by
LPCVD. The nitride cap 240, which may comprise silicon
nitride (SiN or Si;N,) or the like, is deposited on the dummy
polysilicon layer 230 by LPCVD.

As shown in FIG. 3, the spacers 185 are formed by the
deposition of a hardmask material on sides of the stack
defined by the dummy SiO, layer 220, the dummy polysilicon
layer 230, and the nitride cap 240. Hardmask materials from
which the spacers are formed may be any dielectric material
including, but not limited to, SiN, Si;N,, SiO,, silicon carbon
nitride, and the like.

The raised source/drain regions 180 are formed on the
source region 140 and drain region 150 using a selective
epitaxial growth process such as vapor phase epitaxy, which
is a form of chemical vapor deposition (CVD). Epitaxial
growth refers to the deposition of a crystalline overlayer on a
crystalline sub-layer where the overlayer registers with the
structure of the crystalline sub-layer. After the epitaxial
growth of the raised source/drain regions 180, the raised
source/drain regions 180 are doped either by in-situ epitaxy or
implantation of ions such as phosphorous or boron. Ifions are
implanted into the raised source/drain regions 180, an anneal-
ing process is applied to the raised source/drain regions 180.

As shown in FIG. 4, the ILD 200 is deposited on the
isolation areas 160 and side surfaces of the raised source/
drain regions 180 as well as between the side surfaces of the
raised source/drain regions 180 and the spacers 185 by CVD.
Excess material of the ILD 200 may be deposited on the tops
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of the raised source/drain regions 180 and the dummy gate
210. The resulting structure is planarized using CMP to
remove the excess material of the ILD 200 such that surfaces
of the raised source/drain regions 180 and the dummy gate
210 are exposed and a thick layer of deposited ILD 200 is
disposed over the isolation areas 160. Materials from which
the ILD 200 may be formed include oxides such as SiO,.

As shown in FIG. 5, a protective cap 250 is formed on the
raised source/drain regions 180. The protective cap 250 is a
metal layer formed by a selective deposition process (e.g.,
vapor deposition). In the selective deposition process, the
metal is deposited only on the conductive material (the doped
raised source/drain regions 180) and not on the insulative
material (the nitride cap 240 of the dummy gate 210 and the
oxide of the ILD 200). Metals that may be deposited include,
but are not limited to, molybdenum, tantalum, titanium,
nickel, and tungsten.

As shown in FIG. 6, the dummy gate 210 is removed to
accommodate the RMG 300. To remove the dummy gate 210,
the nitride cap 240 is removed using one or more of a dry etch
process (e.g., a reactive ion etch (RIE), plasma etching, or the
like) and a wet etch process using phosphoric acid (H;PO,).
Preferably, the nitride cap 240 is removed using the dry etch
process. Once the nitride cap 240 is removed, the dummy
polysilicon layer 230 is removed using the RIE. The dummy
Si0, layer 220 is then removed using hydrofiuoric acid (HF).
In the process of removing the dummy gate 210, the protec-
tive cap 250 (as well as the spacers 185 and the ILD 200)
protects the raised source/drain regions 180 from undesirable
effects of the acid(s).

As shown in FIG. 7, the gate dielectric layer 190 is confor-
mally deposited on the protective cap 250, the ILD 200, and
surfaces of the spacers 185 and the ETSOI 130 that define a
void from which the dummy gate 210 was removed. The gate
dielectric layer 190 is deposited using CVD to a thickness of
about 1 nm to about 10 nm, with about 1 nm to about 2 nm
being preferred. Materials from which the gate dielectric
layer 190 may be formed are typically high k dielectric mate-
rials such as oxides of tantalum, zirconium, or aluminum.
However, the materials of the gate dielectric layer 190 are not
limited in this regard, as SiO, or Al;N, may be employed.

The RMG 300 is deposited on the gate dielectric layer 190
in the void formed by the removal of the dummy gate 210. The
RMG 300 comprises the gate metal, which is preferably a
metal such as aluminum, nickel, tantalum, tantalum nitride,
titanium, titanium nitride, TiAl alloy, ruthenium, tungsten,
and the like. The metal is deposited to form the RMG 300 via
any suitable process including, but not limited to, vapor depo-
sition. The void into which the metal is deposited to form the
RMG 300 may be overfilled. In instances in which the metal
is deposited to overfill the void to form the RMG 300, the
metal is polished to remove metal down to the level ofthe gate
dielectric layer 190.

As shown in FIG. 8, the exposed gate dielectric layer 190 is
removed from the surfaces of the ILD 200 and protective cap
250. Some of the material of the RMG 300 may also be
removed. The exposed gate dielectric layer 190 is removed
using a dry etch process (e.g., RIE), a wet etch process (e.g.,
HF), or a combination of dry etch and wet etch processes. A
portion of the gate dielectric layer 190 equal to the thickness
of the gate dielectric layer 190 remains exposed between the
ILD 200 deposited on the spacers 185 and the RMG 300.
Once the materials of the etch process are cleaned from the
surface defined by the exposed ILD 200, protective cap 250,
and RMG 300, the surface is planarized using the CMP to
remove the protective cap 250 formed on the raised source/
drain regions 180 such that a surface of the raised source/
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6

drain regions 180 is substantially coplanar with the surface of
the RMG 300, thereby producing the apparatus 100 as shown
in FIG. 1.

As shown in FIG. 9, the apparatus 100 is further processed
for use in an IC chip. A second ILD 310 is deposited on the
apparatus 100, and source/drain vias 320 are formed in the
deposited second ILD 310 to provide communication to the
raised source/drain regions 180. The second ILD 310 is an
oxide such as SiO, and is deposited on the apparatus 100
using CVD. The source/drain vias 320 are formed in the
second IL.D 310 using patterning and etching techniques.

Silicide contacts 330 are formed in the source/drain vias
320 at the surfaces of the raised source/drain regions 180. In
forming the silicide contacts 330, a silicide of a suitable metal
is deposited to a depth of about 10 nm to about 20 nm. The
silicide contacts 330 may be formed by any suitable means,
such as metal deposition on silicon and formation of the
silicide by thermal heating, laser irradiation, or ion beam
mixing; co-evaporation of the metal and silicon; sputtering;
or CVD. Exemplary metals from which the silicide may be
formed include, but are not limited to, platinum, titanium,
cobalt, nickel, tantalum, tungsten, or molybdenum.

As shown in FIG. 10, a gate via 350 is formed in the
deposited second ILD 310 to provide communication to the
RMG 300. The gate via 350 is formed in the second IL.D 310
using patterning and etching techniques.

As shownin FIG. 11, both the source/drain vies 320 and the
gate via 350 are filled with a conductor 360. The conductor
360 is deposited in the source/drain vias 320 and the gate via
350 using any suitable metal deposition technique, such as
vapor deposition. Preferably, the conductor 360 is a metal,
such as tungsten (W) or the like.

Referring now to FIGS. 12-14, another exemplary embodi-
ment of a process of fabricating an apparatus capable of
serving as a base structure for use in fabricating the FET (or
other device) is shown. In FIG. 12, an apparatus 500 is similar
to apparatus 100 of FIG. 1 but includes a passivation layer 510
deposited on the RMG 300. The passivation layer 510 is
generally an oxide of the metal of the RMG 300. For example,
when the material of the RMG 300 is aluminum, the passiva-
tion layer 510 is alayer of aluminum oxide (Al,0;) formed by
exposing the aluminum gate material to an environment con-
taining oxygen.

As shown in FIG. 13, the silicide contacts 330 are formed
on the raised source/drain regions 180 of the apparatus 500
prior to forming the vies in the second ILD deposited on the
apparatus 500. The silicide contacts 330 are silicides of met-
als as described above, are deposited on the raised source/
drain regions 180 using techniques as described above, and
are deposited to depths of about 10 nm to about 20 nm. During
the deposition of the silicide contacts 330, the passivation
layer 510 protects the metal of the RMG 300 and prevents
deposition of silicide thereon.

As shown in FIG. 14, the second ILD 310 is deposited on
the apparatus 500 and on the silicide contacts 330. The second
ILD 310 is an oxide such as SiO, deposited on the apparatus
500 using CVD. Source/drain vias 320 are formed in the
second ILD 310 so as to extend to the silicide contacts 330 on
the raised source/drain regions 180. The gate via 350 is also
formed in the second ILD 310 so as to extend through the
passivation layer 510 to the RMG 300. Both the source/drain
vias 320 and the gate via 350 are formed using patterning and
etching techniques.

As shownin FIG. 15, both the source/drain vias 320 and the
gate via 350 are filled with the conductor 360. The conductor
360 is deposited in the source/drain vias 320 and the gate via
350 using any suitable deposition technique, such as vapor
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deposition. Preferably, the conductor 360 is a metal, such as
tungsten (W), aluminum (Al), or the like.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,”“an,” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

The description of the present invention has been presented
for purposes of illustration and description, but is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the invention. The embodiments
were chosen and described in order to best explain the prin-
ciples of the invention and the practical applications, and to
enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifica-
tions as are suited to the particular uses contemplated.

The invention claimed is:

1. A method for fabricating a semiconductor device, com-
prising:

forming a dummy gate on an ETSOI layer of a substrate,

the substrate having an SOI layer, a buried oxide layer on
the SOI layer, and the ETSOI layer on the buried oxide
layer;

epitaxially forming at least two raised source/drain regions

adjacent to the dummy gate;

forming a protective cap on the at least two raised source/

drain regions;

applying at least one acid to remove the dummy gate from

the ETSOI;

depositing a gate dielectric layer on the protective cap and

on the ETSOI after removing the dummy gate from the
ETSOI layer;

forming a replacement metal gate on the gate dielectric

layer to replace the removed dummy gate;

removing the gate dielectric layer from the protective metal

cap and the protective cap from the at least two raised
source/drain regions;

forming a passivation layer on the replacement metal gate;

forming a silicide contact on each of the at least two raised

source/drain regions;

depositing a dielectric layer on the passivation layer and on

the silicide contacts;

forming first vias through the dielectric layer to the silicide

contacts; and

forming a second via through the dielectric layer and the

passivation layer to the replacement metal gate.

2. The method of claim 1, wherein applying at least one
acid to remove the dummy gate from the ETSOI layer com-
prises,

applying one or more of a dry etch process and a wet etch

process with H;PO,,

applying a reactive ion etch process, and

applying a wet etch process with HF.

3. The method of claim 1, wherein the silicide contacts are
formed by one or more of metal deposition on silicon and
formation of silicide by thermal heating, laser irradiation, or
ion beam mixing; co-evaporation of metal and silicon; sput-
tering; and chemical vapor deposition.
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4. The method of claim 3, wherein a metal used to form the
silicide contacts is selected from the group consisting of
platinum, titanium, cobalt, nickel, tantalum, tungsten, and
molybdenum.

5. The method of claim 1, wherein the first vias and the
second vias are filled with a conductor.

6. The method of claim 5, wherein the conductor is a metal
selected from the group consisting of tungsten and aluminum.

7. A method for fabricating a semiconductor device, com-
prising:

forming a dummy gate on an ETSOI layer of a substrate,

the substrate having an SOl layer, a buried oxide layer on
the SOI layer, and the ETSOI layer on the buried oxide
layer;

epitaxially forming at least two raised source/drain regions

adjacent the dummy gate;

forming a protective cap on the at least two raised source/

drain regions;

applying at least one acid to remove the dummy gate from

the ETSOI layer;

depositing a gate dielectric layer on the protective cap and

onthe ETSOI layer after removing the dummy gate from
the ETSOI layer;

forming a replacement metal gate on the gate dielectric

layer to replace the removed dummy gate;

removing the gate dielectric layer from the protective metal

cap and the protective cap from the at least two raised
source/drain regions;

forming a passivation layer on the replacement metal gate;

depositing a dielectric layer on the passivation layer and on

the at least two raised source/drain regions;

forming first vias through the dielectric layer to the at least

two raised source/drain regions;

forming a silicide contact on each of the at least two raised

source/drain regions through the first vias; and
forming a second via through the dielectric layer and the
passivation layer to the replacement metal gate.

8. The method of claim 7, wherein applying at least one
acid to remove the dummy gate from the ETSOI layer com-
prises,

applying one or more of a dry etch process and a wet etch

process with H,PO,,,

applying a reactive ion etch process, and

applying a wet etch process with HF.

9. The method of claim 7, wherein the silicide contacts are
formed by one or more of metal deposition on silicon and
formation of silicide by thermal heating, laser irradiation, or
ion beam mixing; co-evaporation of metal and silicon; sput-
tering; and chemical vapor deposition.

10. The method of claim 9, wherein a metal used to form
the silicide contacts is selected from the group consisting of
platinum, titanium, cobalt, nickel, tantalum, tungsten, and
molybdenum.

11. The method of claim 7, wherein the first vias and the
second vias are filled with a conductor.

12. The method of claim 11, wherein the conductor is a
metal selected from the group consisting of tungsten and
aluminum.

13. A method for fabricating a semiconductor device, com-
prising:

forming a dummy gate on a substrate having an extremely

thin SOI (ETSOI) layer at a surface of the substrate;
forming at least two raised source/drain regions adjacent to
the dummy gate;

forming a protective cap on the at least two raised source/

drain regions;

removing the dummy gate from the ETSOI;
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depositing a gate dielectric layer on the protective cap and
on the ETSOI after removing the dummy gate from the
ETSOI,
forming a replacement metal gate on the gate dielectric
layer to replace the removed dummy gate;
removing the gate dielectric layer from the protective cap;
and
removing the protective cap from the at least two raised
source/drain regions;
wherein forming the protective cap on the at least two
raised source/drain regions comprises selectively depos-
iting a metal layer on the at least two raised source/drain
regions; and
wherein forming the dummy gate on the ETSOI comprises,
depositing a dummy SiO, layer on the ETSOI,
depositing a dummy polysilicon layer on the dummy
Si0, layer,
forming a nitride cap on the dummy polysilicon layer,
forming spacers adjacent a stack defined by the dummy
Si0O, layer, the dummy polysilicon layer, and the
nitride cap, and
forming a passivation layer on the replacement metal
gate.
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14. A method for fabricating a semiconductor device, com-
prising:

forming a dummy gate on an ETSOI layer of a substrate,
the substrate having an SOl layer, a buried oxide layer on
the SOI layer, and the ETSOI layer on the buried oxide
layer;

epitaxially forming at least two raised source/drain regions
adjacent to the dummy gate;

forming a protective cap on the at least two raised source/
drain regions;

using an etch process employing at least one acid to remove
the dummy gate from the ETSOI layer;

depositing a gate dielectric layer on the protective cap and
onthe ETSOI layer after removing the dummy gate from
the ETSOI layer;

forming a replacement metal gate on the gate dielectric
layer to replace the removed dummy gate;

removing the gate dielectric layer from the protective metal
cap and the protective cap from the at least two raised
source/drain regions; and

forming a passivation layer on the replacement metal gate.
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